We have studied the DDK system in a coupled channel approach, including DD s η and DD s π as coupled channels, and found that the dynamics involved in the system forms a bound state with isospin 1/2 and mass 4140 MeV when one of the DK pair is resonating in isospin 0, forming the D * s0 (2317). The state can be interpreted as a DD * s0 (2317) molecular like state with exotic quantum numbers: doubly charged, doubly charmed, and with single strangeness.
I. INTRODUCTION
The existence of doubly charmed mesons and baryons is compatible with the present understanding of Quantum Chromodynamics and of the hadron structure [1, 2] . In this line, experimental and theoretical efforts, during the past years, have been dedicated to the study of doubly charmed baryons, like Ξ + cc , Ξ ++ cc , Ω + cc (see, for example, Refs. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] ), and doubly charm mesons, like the T cc family and others (see, for example, Refs. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] ). The existence of triple charm states has also been claimed [26] , and doubly charmed/bottom three body systems have been studied [27] [28] [29] [30] . However, in spite of all these efforts, the present available information about these states is still too preliminary to reach strong conclusions about their properties, and it still remains in the agenda of high energy physics to clarify the formation and nature of such states. At the same time, the situation is expected to improve since studies of hadrons with multicharm form a part of the present programs of several experimental facilities.
In this work, we embark on this odyssey and study the formation of bound states/resonances in a system of double charm and positive strangeness: the DDK system. The motivation behind such a study is twofold: (1) The combination of the charm D meson and the strange K meson is known to give rise to an attractive interaction in isospin 0, generating the D * s0 (2317) state [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . The addition of a D meson to this system leads to a three-body system with attractive interactions in two subsystems. The DD system presents no annihilation channel and, thus, the interaction is not attractive in nature. Still, the attraction in the two DK pairs can dominate and form hadronic bound states/resonances with a DD * s0 (2317) nature. (2) Such a possibility was recently studied in Ref. [42] , treating the DD * s0 (2317) as an effective two body system and describing the D − D * s0 (2317) interaction through a Kaon exchange potential. Indeed, as a consequence, generation of a bound state with a binding energy (with respect to the D − D * s0 (2317) threshold) of 15-50 MeV (depending on the kaon exchanged potential considered) was predicted [42] .
Encouraged by these findings, in this work, we study the explicit three-body coupled channels DDK, DD s π and DD s η by solving the Faddeev equations [43] within the approach developed in Refs. [44] [45] [46] [47] [48] [49] [50] [51] [52] . For this, the input two-body t-matrices needed for the Faddeev equations are obtained by using effective Lagrangians and solving the Bethe-Salpeter equation in a coupled channel approach. As we show in this work, the dynamics involved in the three-body system produces a bound state with spin-parity J P = 0 − , total isospin 1/2, with a mass of 4140 MeV, i.e., around 90 MeV below the DDK three-body threshold. This state is formed precisely when the coupled channel DK, D s η subsystems resonate and generate the D * s0 (2317).
II. FORMALISM
In the following subsection we first describe the method used to calculate the three-body scattering matrix for the coupled channel DDK, DD s π, DD s η system and, after it, in the next subsection, we give details on the approach used to determine the interaction between the different two-body subsystems. 
Some diagrams contributing to the T 1 partition. The P and k in the figure represent the fourmomenta of the three-body system and of the indicated particle in the loop, respectively.
A. The three-body problem
The three-body scattering matrix T describing the dynamics involved in the coupled channel can be written as a sum of three partitions [43] ,
Each of the partitions in Eq. (1) represents an infinite series of contributions to the scattering arising from Feynman diagrams where the ith particle is, by convention, a spectator in the right most interaction (see Fig. 1 for the case of the T 1 partition). Within the approach developed in
Refs. [44] [45] [46] [47] [48] [49] [50] [51] [52] , each of the T i partitions can be expressed as
where k i ( k i ) corresponds to the initial (final) momentum of the particle i and t i is the two-body t-matrix which describes the interaction of the (jk) pair of the system, j = k = i = 1, 2, 3. In Eq. (3), g ij represents the three-body Green's function of the system and the G ijk matrix is a loop function of three-particles. Their elements are defined as
with √ s being the center of mass energy of the three-body system, N k = 1 for mesons, E l , l = 1, 2, 3, is the energy of the particle l, and
The elements ofg ij in Eq. (5) are given bỹ
and the matrix F i j k in Eq. (5), with explicit variable dependence, is given by
In Eq. (6), √ s lm is the invariant mass of the (lm) pair and can be calculated in terms of the external variables. The index k on the invariant mass s k ru of Eq. (7) indicates its dependence on the loop variable
which, in turn, indicates the off-shell dependence of the amplitudes present in the loop. For example, the t 3 -matrix, in the third diagram in Fig. 1 [44, 45] .
Peaks found in the modulus squared of the three-body T -matrix are related to resonances/bound states linked to the three-body dynamics involved in the system under study. Since the first term in Eq. (2) can not give rise to any three-body state, we study the properties of the T R matrix defined as
We work in the charge basis taking into account the following channels:
To identify the peaks found in the three-body T -matrix with physical states, an isospin projection of the amplitudes is required. To do this, we use a basis in which the states are labeled in terms of the total isospin I of the three-body system and the isospin of one of the two-body subsystems, which in the present case is taken as the isospin of the DK subsystem made by particles 2 and 3, I 23 , and evaluate the transition amplitude I, I 23 |T R |I, I 23 . The isospin I 23 can be 0 or 1, thus, the total isospin I can be 1/2 or 3/2.
B. The two-body problem
In Refs. [33, 35, 36, 53] it was shown that the interaction of the DK and ηD s coupled channel system in the isospin 0 configuration generates the D * s0 (2317). The starting point in the latter works consists of using Lagrangians based on symmetries like chiral and heavy quark [54, 55] , relevant to such systems, to obtain the lowest order amplitude, V , describing the transition between the different coupled channels and unitarize the amplitudes. The unitarization is achieved by using V as kernel in the Bethe-Salpeter equation, obtaining in this way the scattering matrix t for the coupled channel system. This is done by solving the Bethe-Salpeter equation in its on-shell factorization form [56] [57] [58] ,
The G in Eq. (10) represents the loop function of two hadrons, which has to be regularized either with a cut-off or dimensional regularization.
In case of the DDK system and coupled channels, the resolution of Eq. (3) requires the twobody t-matrices related to the DK and DD subsystems, and their respective coupled channels.
To calculate the scattering matrix of the DK system, which is formed by a heavy meson H (the D meson) and a light pseudoscalar P (the Kaon), we follow closely the approach developed in Refs. [35, 53] . In these works, the leading order Lagrangian describing the HP interaction is given by the kinetic and mass term of the heavy mesons (chiraly coupled to pions, since both chiral and heavy quark symmetries should be relevant to the problem),
with H = D 0 D + D + s collecting the heavy mesons, whose mass in the chiral limit isM H , P is given by
and D µ is the covariant derivative [55]
For the case in which we are interested, i.e., HP → HP , Eq. (11) reduces to the following Lagrangian
and the lowest order amplitude obtained from it, in terms of the Mandelstam variables, reads as
In Eq. (15) the i and j subindices represent the initial and final channels, respectively, and the C ij coefficients can be found in Refs. [35, 53] . This amplitude V ij is further projected on s-wave.
As in Refs. [35, 53] , we consider DK, D s η and D s π as coupled channels and regularize the which is below the threshold of the DK channel, with total isospin 0, at 2318 MeV, and which can be associated with D s * 0 (2317).
To determine the DD and DD s interactions we follow the procedure adopted in Ref. [59] to study the BD system. In Refs. [59] [60] [61] [62] the approach based on the hidden local symmetry [63, 64] , where the interactions proceed through vector meson exchange, has been extended to the sectors of charm and beauty. In such an approach, which has been shown to be compatible with heavy quark symmetry [59] [60] [61] [62] , the vector-pseudoscalar-pseudoscalar Lagrangian is given by
where M V is the mass of the exchanged vector meson, f = f D = 165 MeV and
Using Eq. (16), the process
meson, gets contributions from the exchange of vector mesons in the t− and u−channels. These contributions are given by
where
, with the index k indicating the exchanged vector meson (ρ, ω, J/ψ) of mass m V k . In the energy region studied for the three-body system, the invariant mass of the DD system is near the DD threshold, thus, when exchanging vector mesons in the t− and u−channels, we can approximate [36, 65] ). As we shall discuss in the next section, we vary this parameter to study the stability of the results.
III. RESULTS
In Fig. 2 we show the |T R | 2 for the process DDK → DDK for total isospin I = 1/2 as a function of the energy of the three-body system, √ s, and the invariant mass √ s 23 of one of the DK subsystems, with the isospin of the same subsystem being 0. As can be seen, a peak at √ s = 4140 MeV is found when the invariant mass of the DK subsystem in isospin 0 is ∼ 2318
MeV, which corresponds to the formation of the D * s0 (2317) in the subsystem. This result is in line with the one found in Ref. [42] , in which the two body D − D * s0 (2317) system was studied without explicitly considering the three-body dynamics involved.
Thus, a state with charm 2, strangeness +1, and isospin 1/2 is formed as a consequence of the dynamics involved in the system. We have studied the sensitivity of the result with the parameters of the model, which are basically the subtraction constants used to regularize the loop functions when solving the Bethe-Salpeter equation to get the two-body t-matrices of the subsystems. While the subtraction constant used to regularize the DK, D s π and D s η loops has been fixed to reproduce the properties of the D * s0 (2317), the situation is different for the DD and DD s interactions. The dynamics involved in such double charm systems does not give rise to any state and the value of the subtraction constants is taken to be same as those used to reproduce data and properties of states found in other charm sectors (such as X(3700), arising from the DD interaction [36, 66, 67] , or X(3872), generated from the DD * dynamics). In that sense, we could vary the subtraction constant used to regularize the DD and DD s loops and check the dependence of the peak found in the three-body system.
Varying this subtraction constant in a reasonable range, from −1.3 to −1.5, produces basically no change in the result.
We have also calculated the total isospin 3/2 three-body T -matrix and we find no states formed.
The state found in the present work, which we denote by R ++ , has the third component of the isospin +1/2. By the isospin symmetry, its charge +1 partner, R + , with the third component of isospin −1/2, should also exist in nature. Although we find R ++ to be a three-body bound state, it could have a small width coming from its decay to two-body channels, like, D + s D * + , D + D * + s , through the diagrams shown in Fig. 3 . A precise determination of the width arising from such decays should be better estimated in future works. 
IV. CONCLUSIONS
We have studied the DDK system and coupled channels by solving the Faddeev equations and calculating the three-body scattering matrix. We have found that an isospin 1/2 state is formed at 4140 MeV when the D * s0 (2317) is generated in one of the DK subsystems. Such a result is compatible with the one found in Ref. [42] within a different approach, approximating the threebody system as an effective D − D * s0 (2317) system and without considering coupled channels. A state with these quantum numbers (spin-parity 0 − , isospin 1/2, charm +2, strangeness +1) has not been observed so far. We hope that this result motivates its search in experimental investigations. 
